Introduction. Although several problems of heat flow in composite cylinders have been studied, all the cases considered treat the heat flow in the radial direction only [1, 2, 3] . The case of combined radial and axial heat flow in composite cylinders presents an interesting boundary value problem which has also considerable significance in the theory of vibrations and propagation of electromagnetic waves [4, 5, 6] . In this paper, we consider a case of combined radial and axial heat flow in the unsteady state in finite cylinders composed of two coaxial parts of different materials. The temperature distribution in the cylinder at any instant under the assumed boundary and initial conditions has been obtained by the use of the Laplace transformation.
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The procedure is illustrated by a numerical calculation in a particular case.
The Problem. Composite cylinder made of two different materials, the inner cylinder 0 < r < a and the outer cylinder a < r <b having thermal conductivity and diffusivity coefficients ex and fc, and e2 and k2 respectively.f Boundary conditions: The flat ends of the cylinder x = 0 and x = I kept at zero temperature with the outer surface insulated and perfect thermal contact at r = a between the two coaxial parts. Initially the cylinder is assumed to be heated to constant unit temperature. Required the temperature distribution in the cylinder for any time t > 0 (see Fig. 1 
and the boundary conditions ujr, 0, t) = u2(r, 0, t) = 0,
Ui(r, I, t) = u2(r, I, t) = 0,
Ui(a, x, t) = u2(a, x, t),
ex dui(a, x, t)/dr -e2 du2{a, x, t)/dr,
e2 du2(b, x, t)/dr = 0.
We require the temperature functions Ui(r, x, t) and u2(r, x, t) satisfying the equations from (1) 
Ui(r, I, s) = U2(r, I, s) = 0,
Ui{a, x, s) = U2(a, x, s),
dU2(b, x, s)/dr = 0.
In order that U^r, x, s) and U2(r, x, s) may vanish at x = 0 and x = I as required by the boundary conditions (11) and (12), we expand C/x and U2 as well as the constants -l/ki and -1 /k2 on the right hand side of equations (9) and (10) The radial functions F," and V2n now satisfy respectively the equations where 70 and 7^0 are respectively the modified Bessel functions of the first and the second kinds of zeroth order. The constants An , Bn , etc. are now to be determined from the boundary conditions (13), (14) and (15). Thus we obtain Ui(r x ^ = j* I" fbin _ &2»\ {hiMK^b)
i>i"l . W7ra:
*a) The temperature distribution functions ux(r, x, t) and u2(r, x, t) may be now obtained from Ui(r, x, s) and U2(r, x, s) by the inversion integrals [7] 1 ry + i<°w ,(r, x, t) = x-. / Ui(r, x, s)e" ds (21) aTTZ *J *y -i CO 112(r, x, t) = ~ J U2(r, x, s)e" ds (
The integrals in (21) and (22) may be expressed as 2iri times the sum of the residues of the corresponding integrands at their poles. In evaluating the residue of U^r, x, s) exp (st) it will be noted that the first term in Ui(r, x, s) has got the factor alfinA.Js) in the denominator. It will be seen further that /?" = 0 does not give rise to a pole since the expression remains finite (on account of the singularity of Kx at the origin) as /3" -> 0 so that the only poles are those due to an = 0 and A" = 0. However, the residue of the first term at an = 0 cancels with that due to the second term and hence the only significant poles are those of A" = 0. Similar remarks apply in evaluating the residue of U2(r, x, s) exp (st). One obtains therefore Ui(r, x, t) and u2(r, x, t) can be now expressed in terms of £n, and r?",-as follows:
Ul(r, x, t) = ^ Znsm^j:
_|_ £i& j 1(£nj)F00(p(jrtnj f ar)nj) ® Vni
*Ref. [3] , Appendix III.
Verification of the solution.* As the series solution established by the Laplace transform method is purely formal, it is necessary to show that it satisfies all the conditions of the boundary value problem and is unique. It is obvious that the series solutions (28) and (29) for Wi(r, x, t) and u2(r, x, t) respectively satisfy the boundary conditions (4) and (5) . It is also seen that the boundary conditions (7) and (8) are satisfied by direct substitution of the expressions for ux and u2 , and (6) is satisfied on account of the relation A"(X",) = 0. It only remains, therefore, to verify that the initial condition, viz., Mi = w2 = 1 for t = 0. This is done most conveniently with the contour integral form of the solutions (21) and (22). Consider ux for example.
For t = 0 we have from (18) and (21) -sin -r-= 1 we may write Ui = 1 + i>i " nir I Vl= D -sin ^ ~ f"+"" AnI0(anr) ds.
" nir I imJy-iso
It thus suffices to show that = 0. The path of integration is a straight line parallel to the imaginary axis such that all the poles of the integrand lie to the left of this line. As the poles Xn, are all negative we can choose the path with any y > 0. We shall choose 7 large and positive. Since a2n = s/ki + n2ir 2/I2 and = s/k-2 + n2ir2/l2 it is clear that | a2 | and | | will be large both for large £ and large r?. Further, if k, > k2 (say) we have on the path of integration | an \ < | |8n |.
Replacing now the modified Bessel functions in equation (33) for An by their asymptotic expansions for large argument and retaining only the dominant terms in the numerator and denominator we find that the integral in (34) becomes, apart from a constant 
*Ref. [3] , Appendix I.
where K(n) is 0(nu) with a fixed finite m-The expression (35) shows that vs can be made arbitrarily small by making y large. Hence it follows that ih = 0. Similar reasoning shows that u2 also satisfies the initial condition. The proof of the uniqueness of the solution is well known and need not be repeated here.
A numerical example. To illustrate the numerical procedure, the temperature distribution in a composite cylinder having the following parameters is calculated The first few roots are given in the table below. The distribution of temperature along the radius at x = 21/3 and 1/4. for t = 1 sec. and 2 sees, is plotted in Fig. 3 .
